Free radicals can cause oxidative damage by oxidizing biomolecules and this results in cell death and tissue damage as is observed in atherosclerosis, cancer, emphysema, cirrhosis, and arthritis. 1) Oxidative damage plays a critical pathological role in human diseases, and thus, anti-oxidative supplements are important because they reduce oxidative damage in the human body.
Inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) are known to contribute to inflammatory response via the production of nitric oxide (NO) and prostaglandins. 3, 4) These two enzymes, which mediated inflammatory events, are highly expressed by proinflammatory cytokines, such as, interferon-g (IFN-g) and tumor necrosis factor a (TNF-a), and by lipopolysaccharide (LPS), a component of the outer membranes of Gram-negative bacteria. 5) Thus, the screening of components that suppress these proteins and their mRNAs has proven to be a useful strategy for identifying therapeutics capable of combating inflammatory diseases. 6, 7) As part of our on-going screening program to search antioxidative and anti-inflammatory natural products, 8) we examined the roots of Aconitum koreanum (RAK), which was traditionally used to treat pain, rheumatic arthralgia, epilepsia, furunculus, acne, vertigo, tetanus, and cardialgia. 9, 10) In addition, diterpene alkaloids, which have been shown to have anti-arrhythmic 11) and myorelaxant 12) effects, also have been isolated from this plant. Furthermore, RAK has been reported to possess analgesic and anti-inflammatory effects. 13) Thus, we undertook to search the components in RAK that scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals and inhibit NO production and the expression of iNOS and COX-2.
MATERIALS AND METHODS
General Experiment TLC was carried out using precoated silica gel 60 F 254 plates (Merck, Darmstadt, Germany) and ethylacetate-water-acetic acid (10 : 9 : 1, volume ratio) or chloroform-methanol-water (6 : 4 : 1, volume ratio). The spots were detected using UV (254 nm) and by spraying with FeCl 3 and 10% H 2 SO 4 , followed by heating. Compounds were identified by 1 H-and Plant Material The roots of Aconitum koreanum were collected from Pyung-chang, Kangwondo, South Korea in June of 2007. A voucher specimen (AK2007-6) has been deposited at the herbarium, College of Pharmacy, Chung-Ang University.
Extraction, Isolation, and Identification The roots of Aconitum koreanum (3 kg) were extracted three times with 80% aqueous acetone at room temperature. After removing the acetone under vacuum, the residual aqueous solution was filtered. The filtrate was then concentrated (328 g) and applied to an Amberlite XAD-2 column (20-50 mesh, 2000 g, 10ϫ100 cm) (Fluka AG, Buchs, Switzerland) eluted with water containing increasing proportions of MeOH, to afford 6 sub-fractions. Repeated column chromatography of fraction 5, which showed anti-oxidative activity with an IC 50 value of 22.66Ϯ2.23 mg/ml compared with a positive control, L-ascorbic acid (IC 50 ϭ13.92Ϯ3.87 mg/ml) (data not shown) on a Sephadex LH-20 column (25-100 mm, 800 g, 6ϫ75 cm) (Pharmacia, Uppsala, Sweden) eluted with 60% MeOH resulted in two sub-fractions (5-1, 5-2). Sub-fraction 5-1 was further separated on a Sephadex LH-20 column (25-100 mm, 800 g, 6ϫ75 cm) eluted with 40% MeOH to yield caffeic acid (1, 130 mg). Sub-fraction 5-2 on MCI-gel CHP 20P (75-150 mm, 600 g, 5ϫ60 cm) (Mitsubishi, Tokyo, Japan) eluted using a H 2 O-MeOH gradient yielded 4,5-dicaffeoylquinic acid (2, 180 mg), 3,5-dicaffeoylquinic acid (3, 150 mg) and 3,5-dicaffeoylquinic acid methyl ester (4, 100 mg).
Caffeic Acid (1) 
Measurement of DPPH Radical Scavenging Activity
Anti-oxidative activities were measured using DPPH (Sigma, St. Louis, MO, U.S.A.) scavenging activities. 14) Briefly, 20 ml of the compounds in absolute EtOH was added to 180 ml of a DPPH solution (0.1 mM, in absolute EtOH). After mixing gently and standing at for 30 min, optical densities were measured at 492 nm using an enzyme-linked immunosorbent assay (ELISA) reader (TECAN, Salzburg, Austria). Free radical scavenging activities were calculated as 1Ϫ(sample O.D./control O.D.)ϫ100 and were expressed IC 50 values, which were defined as the concentrations at which 50% of DPPH free radicals were scavenged. L-Ascorbic acid was used as positive control.
Cell Culture Raw 264.7 mouse macrophage cells and HaCat human keratinocyte cells were grown in a 75 cm 2 flask in a 5% CO 2 atmosphere at 37°C in Dulbecco's modified Eagle's medium (DMEM) (Sigma, St. Louis, MO, U.S.A.) containing 10% fetal bovine serum, 100 IU/ml penicillin G, and 100 mg/ml streptomycin (Gibco BRL, Grand Island, NY, U.S.A.).
Measurements of Cytotoxicity Cytotoxicities were measured using the mitochondrial-dependent reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-zoliumbromide (MTT) (Sigma, St. Louis, MO, U.S.A.) to formazan by viable cells. 15) Cells were seeded at a density 3ϫ10 5 cells/well in 96 well-plates, and after incubating for 2 h were treated with the samples (12.5, 25, 50, 100 mg/ml). Cells were incubated for an additional 24 h, and then media were replaced with fresh medium contained 0.5 mg/ml MTT and incubated for a further 4 h at 37°C. Media were then removed and formazan was dissolved in 200 ml dimethyl sulfoxide. Extents of MTT reduction to formazan within cells was quantified by measuring absorbance at 540 nm using an ELISA reader. Cytotoxicities were calculated using cell viability (
Measurements of NO Production Inhibition Raw 264.7 mouse macrophage cells were seeded at a density of 3ϫ10 5 cells/well in 96 well-plates, incubated for 2 h, and treated with samples (12.5, 25, 50, 100 mg/ml) and 1 mg/ml of LPS (Sigma, St. Louis, MO, U.S.A.), and incubated for an additional 24 h. The NO contents were quantified using Griess assays of supernatants. 16) Griess reagent (0.1% naphthylethylenediamine and 1% sulfanilamide in 5% H 3 PO 4 solution, 100 ml) (Sigma) was added to 100 ml of each supernatant. The production of NO was then measured at 540 nm and quantified using a standard curve prepared using sodium nitrite. NO production inhibitory activity was calculated using inhibition rate (
, and results were expressed as IC 50 values, which were defined as the concentration that inhibit 50% of NO production. N(G)-monomethyl-L-arginine (L-NMMA) (Sigma) was used as positive control.
Western Blotting HaCaT human keratinocyte cells were cultured in 6-well plates and then treated with or without 10 mg/ml of LPS and samples (10 or 100 mM) for 24 h. Cells were then lysed in a buffer containing 50 mM Tris-Cl (pH 8.0), 150 mM NaCl, 0.02% sodium azide, 100 mg/ml phenylmethanesulfonyl fluoride (PMSF), 1 mg/ml aprotinin, and 1% Triton X100, and centrifuged at 12000 rpm for 30 min at 4°C. Supernatants were then transferred to new tubes and 30 mg of soluble protein was subjected to 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in a sample buffer containing 1 M Tris, 50% glycerol, 10% SDS, mercaptoethanol and 1% bromophenol blue. Samples were heated at 95°C for 5 min prior to gel loading. For iNOS and COX-2 detection, separated proteins in gels were transferred to nitrocellulose membranes (Osmonics, Milwaukee, WI, U.S.A.) at 0.16 A for 1 h. Membranes were washed 3 times with Tris-buffered saline Tween-20 (TBS/T), blocked with 5% skimmed milk for 1 h at room temperature, incubated overnight at 4°C with either goat anti-human iNOS, COX-2 and Actin polyclonal antibodies (1 : 1000 in 5% bovine serum albumin, Santa Cruz, Delaware, CA, U.S.A.), and then washed 3 times with TBS/T. The secondary mouse anti-goat peroxidase conjugated antibodies (1 : 2000 in blocking solution, Santa Cruz, Delaware, CA, U.S.A.) were incubated for 1 h at room temperature. After washing membranes with TBS/T, they were developed with electrochemiluminescence (ECL) solution (Santa Cruz, Delaware, CA, U.S.A.) for 3 min and then exposed to X-ray film (Roche, Indianapolis, IN, U.S.A.).
Reverse Transcription-Polymerase Chain Reaction (RT-PCR) PCR primers were synthesized using Gene Bank data and a DNA synthesizer (Pharmacia, Björkgatan, Uppsala, Sweden). Their sequences were as follows: iNOS (123bp): 5Ј-ACC AAC TGA CGG GAG ATG AG-3Ј (sense), 5Ј-ATA GCG GAT GAG CTG AGC AT-3Ј (anti-sense)/ COX-2 (210 bp): 5Ј-TGA AAC CCA CTC AAA CAC A-3Ј (sense), 5Ј-AAC TGA TGC GTG AAG TGC TG-3Ј (antisense)/glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (593 bp): 5Ј-ATT GTT GCC ATC AAT GAC CC-3Ј (sense), 5Ј-AGT AGA GGC AGG GAT GAT GT-3Ј (anti-sense).
HaCaT human keratinocyte cells were treated as described above for Western blotting. Total RNA was isolated from cultured HaCaT cells using TRIzol reagent (Invitrogen, Carlsbad, CA, U.S.A.), and cells were added to 1 ml of TRIzol reagent in a cultured dish. After 5 min at room temperature, 0.2 ml of chloroform was added per 1 ml of TRIzol reagent, tubes were shaken vigorously by hand for 15 s, and then incubated at 15 to 30°C for 3 min. Mixtures were centrifuged at 12000 rpm for 15 min at 4°C, after which upper aqueous phases were transferred to fresh tubes and same amounts of 2-propanol were added. Mixtures were then incubated at 4°C for 15 min, and centrifuged at 12000 rpm for 15 min at 4°C. The supernatant was removed, and then RNA pellet was washed in 500 ml of 70% ethanol with 12000 rpm at 4°C for 5 min. The purified RNA samples obtained were dissolved in 30 ml of diethyl pyrocarbonate-distilled water (DEPC-DW), and 3 mg aliquots of total cellular RNA was reverse-transcribed at 42°C for 30 min in 20 ml volumes containing 1 ml reverse transcriptase (Takara, Shiga, Japan), 10ϫ buffer 2 ml, 10 mM deoxyribonucleotide triphosphate (dNTP) 2 ml (dNTP mix), oligo dT primer 1 ml, RNase inhibitor 0.5 ml, and 25 mM MgCl 2 4 ml. cDNA samples (2 ml) obtained by RT-PCR were amplified by PCR in a 25 ml-vessel containing 10ϫbuffer 2.5 ml, 25 mM MgCl 2 2.5 ml, and 10 pmol 0.75 ml primer. Thermal cycle profiles were as follows 94°C for 5 min: 35 cycles of 94°C for 1 min, 59°C for 1 min, 72°C for 1 min: final extension step of 72°C for 10 min. A densitometer was used for quantitative analysis of the PCR products of iNOS, COX-2 and GAPDH on DIG chemiluminescent film (volume of iNOS, COX-2/volume of GAPDH).
Statistical Analysis All data are expressed meansϮ S.D.s. Analysis was performed by one-way analysis of variance (ANOVA) followed by the Student-Newman-Keuls (S-N-K) test. Results were considered to be significantly different when p values were less than 0.05. Values bearing different superscripts indicate significant differences.
RESULTS AND DISCUSSION
Activity guided chromatographic isolation of the 80% aqueous Me 2 CO extract of RAK afforded four caffeoyl derivatives (1-4). Compounds (1-4) were identified as; caffeic acid, 17) 4,5-dicaffeoylquinic acid, 18) 3,5-dicaffeoylquinic acid, 19 ) and 3,5-dicaffeoylquinic acid methyl ester, 19, 20) respectively, by comparing their spectral (MS, NMR) data with literature values (Fig. 1) . This is the first report of the isolation of compounds 1-4 from this plant.
Anti-oxidative activities of 1-4 were evaluated by determining their DPPH radical scavenging activities. DPPH radicals readily accept hydrogen due to the unstable nature of the nitrogen, thus anti-oxidative activity can be measured by quantifying the loss of a violet color when DPPH accepts hydrogen from an anti-oxidant.
14) All compounds (1-4) showed significantly more potent DPPH radical scavenging activity than the L-ascorbic acid positive control (pϽ0.05). The IC 50 values of these compounds were 11.09Ϯ1.04, 10.09Ϯ1.01, 9.95Ϯ1.03 and 9.53Ϯ1.02 mM, respectively, whereas that of L-ascorbic acid was 14.1Ϯ1.04 mM (Table 1) . These potent anti-oxidative activities might be due to the ortho-dihydroxy-phenolic moiety and the presence of the -CHϭCH-COOR group, which enable a hydrogen atom to be donated to an active free radical. 21) The anti-inflammatory activities of compounds (1) (2) (3) (4) were evaluated by examining their inhibitory effects on NO production in LPS-stimulated RAW 246.7 mouse macrophage cells. All four compounds inhibited NO production (IC 50 values of 2.07Ϯ1.13, 1.20Ϯ1.23, 0.76Ϯ1.27 and 2.37Ϯ1.13 mM, respectively) significantly more than the positive control, L-NMMA (IC 50 ϭ7.83Ϯ1.07 mM) (pϽ0.05) ( Table 1) . Furthermore, none of the four compounds adversely affected RAW 246.7 cell viability by MTT assays at the concentrations used, thus the potent inhibitory effects shown by these compounds on NO production was not influenced by their cytotoxic effects (data not shown).
In order to elucidate the mechanism responsible for the inhibition of NO production, the expressions of iNOS protein and its mRNA were evaluated by Western blotting and RT- PCR respectively. In addition, the expressions of COX-2 protein and its mRNA were also evaluated to prove the anti-inflammatory activities of the compounds (1-4). L-Ascorbic acid, known to inhibit expressions of iNOS and COX-2, was used as a positive control. 22, 23) It was found that the expressions of iNOS and COX-2 proteins and mRNAs were effectively induced by LPS, and this induction was suppressed by all four compounds. Caffeoyl derivatives have been known to inhibit nuclear factor (NF)-kB activation. Among these derivatives, hydrophobic structures were shown to suppress NFkB activation more effectively than simple caffeic acid because of their ability to pass through the cell membrane easily. 24) In this study, caffeoyl quinic acids (2-4) inhibited expressions of iNOS and COX-2 more than caffeic acid (1). And 4, possessed quinic acid substituted by a methyl group, showed more potent suppressive effects on iNOS and COX-2 than 2 and 3 (Figs. 2, 3) .
These results suggest that caffeic acid and its derivatives (1-4) of RAK might play important parts of anti-inflammatory effects of RAK and be further developed as potent antioxidative and anti-inflammatory agents.
